Abstract---
INTRODUCTION
IVIL Engineering structures are more susceptible to damage and deterioration during their service life and the need of damage detection is widely increasing for the maintenance of existing civil infrastructure. The damage to a building structure may be due to natural hazards such as earthquakes and windstorms, and due to long-duration ageing under hostile environment. For the purpose of providing seismic safety, it is necessary to monitor the damage for its existence, location and extent. Usually damage can be detected by visual inspection which is the most common type. But, this method doesn"t hold good for large and complex structures due to the problem of accessibility and imprecise.Hence from last few decades, a research is made to detect the damage in structures by varying the dynamic response of a structure.
An attempt has been made to recognize and localize the damage using the changes in curvature mode shapes, natural frequencies, changes in strain energy, modal stiffness, and modal displacement.
The dynamics parameters such as natural frequencies, and mode shapes have been widely used for damage detection, as they are functions of structural properties. This is based on that any degradation of the structural properties results in changes of the modal parameters. Hence, Damage is defined as reduction in stiffness of elements making the structure weak which cause undesirable displacements or vibrations to the structure leading to sudden and catastrophic failure. Variation in natural frequency from undamaged state indicates the damage in the structure. Cawley and Adams [1] proposed the first model by varying natural frequencies and also adopted finite element model, to recognize the damage in the structures. They have shown that how measurements made at a single point in the structure can be used to recognize, locate and estimate the damage. Hearn and Testa following the works of Cawley and Adams, they have reported the non-destructive inspection of structures by modal analysis of vibration response.Z.Y. Shi et.alstudied on locating damage in the structure based on modal strain energy method.From few years an attempt has been made to employ artificial neural network in Structural Engineering for recognizing damage in structures. Artificial Neural Network resembles human brain. It consists of interconnected neurons (processing units) which exchange messages among themselves. ANNs are used when the relationship between input and output is complicated or when the use of another technique requires large computational time. In this paper MATLAB Neural Network Toolbox is used to develop and train the neural network, efficiency of neural network to predict the values which are not trained is verified.
A. Recognition of Structural Damage
Occurrence of damage in the structure affects its functionality and decreases the load carrying capacity of structures hence making it unsafe. Therefore it is necessary to monitor the structure regularly to detect the damage in the structure. If minor or moderate damages are detected they can be retrofitted or damaged structures are replaced and the collapse of the structure can be prevented otherwise the structure leads to catastrophic failure. It is important to consider the cause of deterioration, if ignored the deterioration repeats.
Four stages of damage identification classification are as follows:
Level 1: Identification that the damage is there in the structure. 
C. Neural Network Theory
Two primary elements that make a neural network are: neurons and interconnection weights between the neurons. These determine the nature and strength of the connection between the neurons. A neural network consists of layers and each layer contains neurons (processing units) that act parallel within the layer. To create the model network must be trained with the training data. Input data in the form of vector or matrix is transferred through the layers. Each data value in the input vector is multiplied by the weights associated with each neuron in a layer and the results are summed at each neuron input creating a new vector with the size equal to the number of neurons in that layer. Later, the transfer function at each neuron converts its input, which is a sum of weighted input and bias, into a neuron layer output. In hidden layers, neuron layer output vector is used as input to the next layer. Then, the output vector represents the final output of the entire neural network.
The neural network uses two types of learning methods. One is supervised training and the other is unsupervised training. Supervised training is employed in back-propagation neural network and unsupervised is employed in Counterpropagation neural network (feed-forward artificial neural network).
1) Back-Propagation Neural Network
In this type of training, both inputs and outputs are provided. It has input layer, output layer and hidden layers that must be defined by the developer. The network processes the inputs and then compares the resulting outputs with the desired outputs. Errors are then propagated back through the system, making the system to adjust the weights that control the network. This process occurs again and again till the weights are continually adjusted.
2) Counterpropagation Neural Network
This network is referred as self-organization. This network consists of three layers: An input layer, a competing layer that functions as a clustering device, an interpolation layer. The network is provided with inputs but not with desired outputs. The system itself must decide what features must be used to group the input data. In this network for any pair of input, only the weights of the winning processing elements in the competing layer are adjusted. Hence, most of the computing time is saved as compared with back-propagation network. With training, the neural network reaches a stabilizing stage, and the solution is obtained using an averaging scheme with the interpolation layer. The advantage of this type of neural network is that it can work with incomplete data and data containing system electrical noise.
D. Methods of Damage Detection by Direct Use of Modal Parameters 1) Change in Natural Frequencies
Change in natural frequency is the general method of damage detection. If damage exists in the structure, stiffness reduces and corresponding decrease in natural frequency can be observed. Natural frequency is the function of mass and stiffness. It varies directly with stiffness and inversely with mass.
2) Change in Damping
Damping changes and dissipative effects due to the friction between crack surfaces is another interesting indicator for damage detection. The undetectable cracks by using changes in natural frequencies can cause important changes in the damping factor allowing damage detection is the advantage of using change in damping. Hence, damping factor increases with increase in crack severity.
3) Mode Shapes
Mode shapes are the vibrational deformation. Mode shapes can give more information than natural frequency and are more sensitive to system damage. Hence, extent and location of damage are the parameters affecting the change in mode shapes and the spatial description in magnitude change varies fromone to another with respect to each node due to the crack location.
4) Modal Assurance Criterion
The Modal Assurance Criterion is related only to the mode shapes.It relates test and analytical mode shapes.A separate frequency comparison must be used in combination with the modal assurance criterion values to determine the correlated mode pairs because MAC considers only the mode shapes.
E. Objectives of the Project
This paper presents response spectrum analysis of a rcc four storey building frame to obtain base shear and frequency using STAAD.Pro software and the results from STAAD.Pro software are used to train the artificial neural network. Damage in frame is determined by reducing the flexural rigidity of the frame and the efficiency of the artificial neural network is checked.
II. METHODOLOGY

A. Damage Modeling
The damage is induced in the structure based on the concept of reducing the stiffness. Damage index is the basis for predicting the damage state hence, it is calculated as DI = 1-(Kfinal/Kinitial) Where Kinitial= building stiffness without damage, Kfinal= stiffness of the building with damaged, K= (base shear/storey drift) Example model considered is a four storied building frame and description is as follows: The frame is subjected to response spectrum analysis using STAAD.Pro for zone-4. 18 sets of results are obtained from STAAD.Pro by decreasing the modulus of elasticity of the frame. In the first case the frame is analysed without any damage and in the second case 5% damage is induced in the first storey by reducing the value of "E" and no damage to other stories and in the third case 10% damage in first storey and 5% damage in the second storey is induced whereas other stories are undamaged. This process continues till 85% damage is induced in the first storey. Then the stiffness in damaged state and damage index is calculated for each storey. From the damage index the extent of damage in the structure is determined. 
III. DISCUSSION
For pattern 4 from figure 6 the percentage variation between the calculated damage index and predicted damage index for first storey is 2.8% and for second storey is 0.6% and for third storey is 2.5% and for fourth storey is 9%. Similarly percentage variation for 8 th , 12 th and 16 th is calculated and most of the variations are within 6% and are within the limits ie., 10%.
IV. CONCLUSION
Following conclusions are arrived from the present study 
